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The value of T c is not especially high. But to the few physicists who noticed the paper, the new superconductor looked alluring. Like the high-T c cuprates, LaO 1 − x F x FeAs is a layered tetragonal compound containing a rare earth and oxygen. Unlike the cuprates, the new superconductor's parent is a semimetal and its magnetic susceptibility is far higher.
Here, it seemed, was a material in which magnetic fluctuations, not phonons, mediate the electron pairing that underlies superconductivity. If that first impression proved true, Hosono and his team had discovered a new family of unconventional and possibly high-T c superconductors.
Within weeks, physicists who'd read the JACS paper or who'd heard about it from chemists had started making samples, measuring properties, and posting papers on arXiv. 2 The first bandstructure calculations showed that the superconducting phase is twodimensional, as in the cuprates, and occupies the FeAs planes. Band-structure calculations also confirmed that the LaOFeAs lattice can't provide the phonons needed to bind electron pairs at 1 K, let alone at 26 K.
By 31 March, little more than a month after the discovery, the new family's T c had leapt ahead of magnesium diboride's 39 K. The F-doped praseodymium compound holds the record at 52 K. Only the cuprates, whose current champion superconducts at 138 K, have higher T c values.
Parental provenance
The new superconductors' parent compounds are not found in any terrestrial rocks or minerals. The story of their synthesis begins in the mid-1970s at Dupont's central research department in Wilmington, Delaware. There, solidstate chemists Wolfgang Jeitschko and Vancliff Johnson were looking for novel compounds with interesting and useful electrical properties.
Among the compounds they synthesized was a family that Jeitschko called 1:1:1:1 after its stoichiometry or ZrCuSiAs after its archetype. 3 ZrCuSiAs lies on the brink of metallicity; it did not prove profitable. Jeitschko continued his quest for new materials at the University of Münster in Germany.
One line of research involved synthesizing ternary compounds from a rare earth, a transition metal, and a pnictogen (phosphorus, arsenic, or antimony). At first, Jeitschko's group mixed the three ingredients in a flux of molten tin. Tin, it turned out, readily picks up ambient oxygen as an impurity. In the course of investigating impurity dependence, Jeitschko found that with enough oxygen one makes not the ternary compound he expected, LaFe 4 As 12 , but the quaternary compound, LaOFeAs. The accidentally discovered compound shares the same crystal structure as ZrCuSiAs; it's also a semimetal.
Jeitschko and his collaborators made 50 or so different compounds in the LaOFeAs family. 4 Although he'd previously discovered one class of superconductors-LaRu 2 P 2 and its relatives-he didn't pursue the phenomenon in doped LaOFeAs.
Hosono wasn't looking for superconductivity in LaOFeAs either. In the late 1990s, he and his coworkers were developing new transparent semiconductors. substitution of divalent Fe for monovalent Cu would also change the layer's net valence and destabilize the structure. Stability can be preserved by replacing a divalent chalcogen with a trivalent pnictogen. A year later the TIT team had synthesized LaOFeP, measured its electrical properties, and discovered that the semimetal superconducts at 4 K. Doping with fluorine, which adds electrons, raised T c to 7 K. 5 Replacing P with As and doping with 10% F boosted T c to 26 K. Figure 1 shows
As soon as Chen and Wang heard that F-doped LaOFeAs superconducts at 26 K, they switched to making doped samples. Within a week they'd reproduced Hosono's results. Within a month they'd replaced La with cerium and boosted T c to 41 K.
Xianhui Chen of the University of Science and Technology of China in Hefei began making LaOFeAs soon after he'd read Hosono's LaOFeAs paper online. He replaced La with samarium and raised T c to 43 K. As of 1 April, the highest T c , 52 K, belongs to the neodymium and praseodymium members of the LaOFeAs family. They were synthesized by another IOP group, that of Zhongxian Zhao.
All the samples made so far have consisted of micron-sized polycrystals sintered together in pellets. Producing pure single crystals could raise T c even further. It would also widen the range of experimental techniques that could tackle how and why F-doped LaOFeAs superconducts. But even at this early stage, a fuzzy but consistent picture is forming.
Experimental evidence and theoretical argument both support a strong, possibly essential, role for magnetic fluctuations. In their calculations, Igor Mazin of the Naval Research Laboratory in Washington DC and his collaborators found three different kinds of magnetic fluctuation: local antiferromagnetism, a spin density wave, and weak, itinerant ferromagnetism.
Cuprates exhibit local antiferromagnetic fluctuations, but not the other two kinds of fluctuation, which are nonlocal and arise from the behavior of electrons on the Fermi surface. In that sense, the new superconductors appear to be quite distinct.
IOP's Zhong Fang and his collaborators also predicted a spin density wave. Like Mazin, they invoked it to explain an anomaly at 145 K that Hosono had found in the resistivity of undoped LaOFeAs. Doping makes the anomaly disappear, as if the fluctuations responsible at lower temperatures for the superconductivity prevent a spin density wave from forming. Pengcheng Dai's group at the University of Tennessee and, independently, David Mandrus's group at Oak Ridge National Laboratory in Tennessee used neutron scattering to follow the temperature and doping dependence of the resistivity, magnetic susceptibility, and other properties. The two groups confirmed the presence of spin density waves. By doing x-ray diffraction too, Mandrus could conclusively rule out a phenomenon implicated in cuprate superconductivity, a charge density wave: No telltale lattice distortion appeared.
A crucial question in superconductivity is the orbital symmetry of the Cooper pairs. To predict it, theorists typically identify the fluctuations most likely to promote pairing and then look for a pairing symmetry that is consistent with both the nature of the fluctuations and the shape of the Fermi surface.
The approach isn't fully predictive. Different assumptions lead to different symmetries. Remarkably, the symmetries proposed so far have never been seen before in the lab. As theorists reveal differences between the new superconductors and the cuprates, experimenters have been finding similarities. Haihu Wen's group at IOP found superconductivity at 25 K when he replaced trivalent La with divalent strontium, suggesting that, as in the cuprates, hole-doped samples also superconduct.
On 4 April, the Chinese physicists who are working on the new superconductors held a workshop at the University of Nanjing. Among the findings they discussed were a possible pseudogap at 120 K and hints of nodes in the superconducting gap. Both are features reminiscent of the cuprates.
If those results hold up, the LaOFeAs family could be closer to the cuprates than to other superconductors. Although that outcome might seem less exciting than a wholly new form of superconductivity, it would provide a different system in which to explore the still-elusive phenomenon of high-T c superconductivity.
Last year it looked as though high-T c superconductivity takes place only in 
